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observations are requiredfand are presented here) for coda predic- 
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ABSTRACT 

An analysis of 418 small-event fa  < 508) seismo- 

grams recorded at 17 world-wide stations, and of 148 

large-event (.1%, Ms (NOS) , or mb from Pasadena or 

Berkeley > 7.0) seismograms recorded at 8 worldwide 

stations and TFO indicates that coda shape is 

primarily a function of the arrival times and relative 

amplitudes of significant secondary arrivals.  How- 

ever, for times greater than 10 to 20 seconds into the 

coda, large-event codas are approximately 0.14 m, 

units greater in amplitude at any given time relative 

to their maxima, than the corresponding relative 

amplitude for small-event codas. This suggests that 

large events are, in fact, multiple events, with the 

nominal period of source activity for a given sequence 

estimated to be on the order of 1 to 2 minutes. 

Correspondingly, large events also tend tu be emergent, 

displaying a 0.2 to 0.3 mb increase in amplitude 

between 5 and 30 seconds into the P-wave arrival over 

that observed in the first 5 seconds of the arrival. 

Because of their differences, large-event and small- 

event coda obseivations cannot be combined0 At least 

two sets of coda observations are required (and are 

presented here) for coda prediction. The small- 

event codas are used to predict the codas for the 

San Fernando, California, earthquake of 9 February 

1971, at 43 stations.  With few exceptions, the 

observed coda lie within one standard deviation of 

the predicted coda. 
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INTRODUCTION 

In a previous report (Cohen et al,, 1972), P and 

PKP coda characteristics were examined for events from 

15 seismic regions as recorded at 17 World Wide 

Standard Seismograph Stations (WWSSS).  These coda 

characteristics were determined by taking amplitude 

measurements in successive time windows (0-5, 5-10, 

10-20, 20-30, 30-40, 40-50, 50-60 seconds; 1-2, 2-3, 

...minutes), scaling these measurements relative to the 

largest excursion in the coda, and connecting successive 

observations to obtain the coda envelope. The study 

yielded two important conclusions: 

1. Coda characteristics are determined primarily 

by the arrival times and relative amplitudes of 

significant secondary phases; 

2. Coda characteristics determined for events in 

the range 6„0 ^ m. <! 6.5 appear applicable to events 

with 5.0 ? nib ^ 6.0. 

In the present report, data from Cohen et al. (1972) 

are reprocessed to yield average P and PKP coda determina- 

tions from specific distance intervals between 0 to 180°. 

These determinations are then compared to similar 

observations for large events (m, or M >_ 7.0).  The 

results suggest that coda decay is a function of 

magnitude.  That is, while coda shape is a function of 

the arrival times and relative amplitudes of significant 

secondary arrivals, the greater the event magnitude, the 

higher is the relative amplitude level at a given time in 

ehe coda after the first 10-20 seconds. 

-1- 
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For the data examined, and for elapsed times greater 

than 10-20 seconds, large-event codas are about 0.14 

mb units higher in relative amplitude than correspond- 

ing relative amplitudes in small-event codas.  One 

explanation for the observed increase appears to be 

that large events may be designated as multiple events, 

with source activity lasting up to 1 or 2 minutes. 

That elevated coda are observed for these events, then, 

may be due to the fact that the later events in the 

sequence extend the duration of the arrival of 

principal phases.  This retards coda decay, in effect 

elevating the relative amplitude above which would be 

observed for a single event of equal maximum amplitude. 

Be" use large and small events do exhibit different 

coda characteristics, at Irast two sets of average 

coda determinations are required for coda prediction. 

Two such sets are presented in this report, together 

with the corresponding standard deviations of the 

individual coda observations.  Further, the set of 

coda determinations for small events is used to predict 

the coda for the San Fernando earthquake of 9 February 

1971, at 43 stations.  In general, the observed coda 

at a given station lies within one standard deviation 

of the predicted coda. 

5 



ANALYSIS TECHNIQUES 

The method used to determine coda decay character- 

istics is shown in Figure 1,  Amplitude measurements, 

scaled relative to the largest excursion in the P or 

PKP coda, were made in a specified set of successive 

time windows, continuing until the roda decayed into 

the pre-existing ambient noise level, or until the 

arrival of surface waves. 

Surface waves were excluded from the present work 

for the following reason:  these arrivals have periods 

on the short-period record of the order of 1 to 3 

seconds, and sometimes greater. Thus, despite the high 

amplitude of the surface wave arrival, the arrival from 

another earthquake or an explosion may be distinguishable 

in the surface-wave background due to its shorter 

period. As coda determinations are most often usea to 

determine how often signals from one event are masked in 

the coda of another event, use of coda characteristics 

incorporating surface wave determinations will lead one 

to overestimate the number of events masked.  Hence, our 

primary concern here is with the P and PKP coda decay 

characteristics. 

Having determined the principal coda maxima, these 

values were next plotted on log-linear paper and the 

coda envelope obtained by connecting successive deter- 

minations.  For example, a set of coda measurements 

yielded the coda envelope shown in Figure 2a.  Using 

the coda measurements made at a given station for a 

suite of events from the given region, we obtained the 

-3- 
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CODA MEASUREMENT TECHNIQUE 
100% 

30*i    ^   ♦«BOS     25% 35% 

i 15% 

i 

0 510    20   30   40   50   60 120 

TIME (SECONDS) 

Figure  1.     Coda measurement  technique, 

180 
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Figure 2a.  Single Coda determination. 
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M 0.09 
M 0.52 
M 0.16 
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Figure 2b.  Determination of the average coda decay characteristics 
from a set of coda observations. 
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data  shown in Figure 2b.  The average coda was then 

determined and a statistic associated with the spread 

in data. 

While the above technique yielded representative 

coda for events from a given region as recorded at a 

given station (as reported by Cohen et al. 1972), the 

observation that coda characteristics are determined 

primarily by the arrival times and relative amplitudes 

of significant secondary phases suggests that average 

coda characteristics are better determined by combin- 

ing a suite of world-wide coda observations grouped 

by distance.  That is, because the coda determinations 

are taken in specific time windows following the P or 

PKP arrival, codas should be grouped (classified) 

according to the specific windows in which the more 

important secondary phases are observed. We would 

prefer, for example, to consider as a group those 

coda for which the PP phase arrives between 1 and 2 

minutes after the P arrival, and for which the PcP 

phase arrives between 2 and 3 minutes after P onset. 

The corresponding distance range is 31° < A < 42°. 

The standard surface focus travel-time tables for 

body phases, considering only the arrival times of 

PP and PcP relative to P, yields the distance intervals 

shown in Table I.  Within each interval, the PP and 

PcP arrival times relative to P remain fixed in a 

given time window. A similar analysis performed for 

distances beyond 105° for PKP yields the intervals 

shown in Table II.  Here, the significant secondary 

- 6 - 
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TABLb   I 

P-Coda  Distance   Intervals 

I 

TABLE   II 

PKP-Coda Distance   Intervals 

1. 0 - 5° 

2. 5 - 10° 

3. 10 - 14° 

4. 14 - 16° 

5. 16 - 21° 

6C 21 - 22° 

7. 22 - 24° 

8. 24 - 26° 

9. 26 - 29° 

10. 29 - SI* 

11. 31 - 42° 

12. 42 - 53° 

13. 53 - 56° 

14. 56 - 59° 

15. 59 - 63° 

16. 63 - 67° 

17. 67 - 72° 

18. 72 - 79 

19. 79 - 84° 

20. 84 - 98° 

21. 98 - 103° 

22. 103 - 105° 

23. 105 - 110° 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9, 

10. 

105 

110 

115 

118 

127 

136 

140 

145 

155 

166 

110° 

115° 

118° 

127° 

136° 

140° 

145° 

155° 

166° 

180° 
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I 1 
phases taken into consideration are PP, PS, and PKP 

with the reference arrival being either PKIKP or PKP 

The number of PKP distance intervals has been minimized 

by ignoring time-window changes for the PP phase where 

this phase becomes weak.  In the case of PKP., the 

relative time-of-arrival intervals used for selecting 

the distance intervals were 0-30 seconds, 30-60 

seconds, and 1-2 minutes. 

-8- 
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RLSULTS 

Coda Characteristics as a Function of Magnitude 

In the first phase of this study we seek to deter- 

mine what dependence, if any, coda characteristics 

have on event magnitude. 

Let us define a "large" event as one having an 

NOS m. , NOS M , or secondary m, (at an observatory 

such as Pasadena or Berkeley) of 7.0 or larger.  By 

this definition, the events listed in Tables HI and 

IV constitute a large-event population.  Pertinent 

station information for this data set are given in 

Table V.  Grouping the events by the distance inter- 

vals given in Tables I and II, and averaging over 

the individual coda determinations, we obtain the 

average coda determinations shown in black in 

Appendix I.  The dashed black lines show the 951 

confidence intervals on the average coda determinations. 

These determinations must now be compared to similar 

observations for "small" events. 

It would be convenient to define a "small" event 

as one with m, , M and secondary m, less than 7.0. 

Unfortunately, most of the data used by Cohen et al. 

(1972) were for events in a time frame when M and 

secondary m, determinations were not made by NOS or 

reported to NOS on a routine basis.  Thus» an examina- 

tion was made of all events which occurred between 

1 January 1967 and 22 May 1972, and which had an M 

of 6.5 or larger.  We found that of the 46 events 

listed with m, < 5.8 and with M values available, b — s 

! 
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1 

7 events exhibited an M of 7.0 or larger; that is, 

roughly 15^ of the events with m. _< 5.8 classify as 

"large" events.  A similar analysis performed using 

secondary m, data show that of 60 events with m. < 5.8 

and with secondary values available, 3 events, or 5^, 

have a secondary m, of 7.0 or larger.  We therefore 

choose to define a small event as one having an m, £ 

S.8. Using such a definition, wc expect any given 

set of "small" events to contain no more than, and 

most like y considerably less than, about 15% of what 

we define as "large" events. 

Using the above criterion for selecting "small" 

events, the events shown in Table VI and VII (station 

information given in Table VIII) were taken from the 

data of Cohen et al. (1972) for further coda analysis. 

The data selected were also required to have 8 or more 

coda observations (the eighth reading is taken in the 

second minute of the coda).  Grouping by distance 

interval, the small-event codas were then analyzed to 

yield average coda determinations in the same distance 

intervals for which "large" event codas were analyzed; 

these average codas, and their corresponding 9S%  con- 

fidence intervals, are shown in blue in Appendix I. 

The data shown in Appendix I suggest that while 

coda shape is approximately a function of the arrival 

times and relative amplitudes of significant secondary 

arrivals for both large and small events, the greater 

the event magnitude, the higher is the relative 

amplitude level for elapsed times greater than about 
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20 seconds into the coda. 

To quantitatively determine the difference in coda 

levels for the two sets of determinations, the average 

difference for each distance interval and an associated 

t-statistic for this difference were computed as 

follows: 

Let T- be the average small-event coda amplitude 

at the i  time point; 

m.   be the number of individual coda values 
th 

at the i  time point which went into the 

determination of 7.: 
i' 

sv be  the  standard deviations of  the  individ- 
xi 

ual small event coda determinations at the 
• th ,.. i  time point; 

Y. be the average large-event coda amplitude 

at the i  time point; 

n.   be the number of individual coda values 
th 

at the i  time point which went into 

the determination of Y.; 
i' 

s be the standard deviation of the individ- 

ual large-event coda determination at the 

i  time point. 

Then: 

i = 7i - *i. 
and 

i = p"1 y 6., 
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where P is the number of time points for which corre- 

sponding large-event and small-event average coda 

determinations are available» 

To compute the associated t-statistic, we must 

first determine the standard deviation of the mean, 

s, where 

,2.1a LT^i ü 
l    im.-l)  *    I    (n -1) 

1=1 i=l  1 

and 

I «, 
i = l 

/I—i P—T 
/i=i mi  i=i ni 
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Note that the number of degrees of freedom (d.f.) 

associated with the t-statistic is 

4.f. = I     (m.-l) ♦  [  (n.-l) 
i=l        i=l  1 

Using the data given in Appendix 1 and performing 

the computation outlined above yields the results 

shown in Table IX.  It should be noted, however, that 

because small-event codas start at relatively high 

coda levels, while large-event codas rise lor the 

first 10 to 20 seconds, we have omitted from our 

computa.ions the coda determinations plotted at 

elapsed times of 0 (read in the 0-5 second time 

window) and 10 (read in the 5-10 second time window) 

seconds.  Out of 17 data sets, 13 show the large- 

event codas to be significantly larger than the small- 

event codas at the 951 confidence level (one-sided 

t-test).  The mean difference is 0.14 nu units 
b 

Two data sets show the small-event codas to be 

larger than the large-event codas by about 0.11 m. 
b 

units. These data (Figures 13 and 15 in Appendix I) 

were observed at PKP distances, and the negative 

results obtained are due probably to the paucity of 

data and to the low signal-to-noise ratios observed 

on the original seismograms (Figure 3) rather than to 

a real difference in coda behavior.  Seismograms with 

low signal-to-noise ratios, which are observed more 

frequently for bmall events, can yield relatively 

• 41. 
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TABLE IX 

Coda Difference Analysis 

observations at 0 and 10 Seconds Eliminated) 

AVERAGE 

DISTANCE 
INTERVAL 

DIFFERENCE 
IN MEAN CODA 

(mb) 

STANDARD 
DEVIATION 

(mb) T-VALUE DEC. FREEDOM 

42-53° 0.16 0.21 5.90* 460 
53-56° 0.02 0.22 0.37 90 
56-59° 0.09 0.18 1.88* 87 
59-63° 0.25 0.21 6.87* 234 
63-67° C.09 0.17 3.32* 173 
67-72° 0.11 0.17 4.82* 312 
72-79° 0.13 0.18 6.11* 385 
79-84° 0.17 0.17 6.06* 220 
84-98° 0.13 0.16 8.25* 682 
98-103° 0.03 0.13 1.09 116 
110-115° 0.05 0.11 1.87* 69 
11P-1270 0.08 0.14 3.64* 199 
127-136° -0.11 0.04 -13.72* 165 
136-140° 0.19 0.17 4.39* 46 
140-145° -0.11 0.14 -3.00* 47 
145-155° 0.28 0.14 8.73* 65 
155 166° 0.14 0.07 6.72* 49 

*Significant at the 95% confidence level for a one- 

sided t-test; critical test value is 1.64. 
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high determinations throughout the coda.  When this 

occurs, the average coda determinations for small 

events are biased upwards, thus lessening and apparently 

eliminating, in some cases, what the greater portion of 

the data suggest to be a significant upward bias in 

relative coda amplitude with magnitude. 

Though convinced that a difference is observed 

between large-event and small-event codas, we find it 

difficult to explain physically why the coda level for 

a single large event at any given time into the coda 

should exceed the level for a single small event as 

measured at the same relative time. An explanation 

for the observed increase in coda levels appears to be 

that large events are, in fact, multiple events, with 

the nominal period of seismic activity for a given 

sequence lasting on ehe order of 1 or 2 minutes 

(Figure 4). The observation that large-event codas 

rise for the first 10 to 20 seconds is but one mani- 

festation of the multiple event source. The difference 

in relative coda levels (-0.14 m ) is another. 

Figures 5 *•»- ough 7 show the large-event and small- 

event codas     ee distance intervals.  In each case, 

the large-event coda has been shifted to an earlier 

relative time by 1 or 2 minutes.  By shifting the codas 

relative to one another, the codas are brought into 

coincidence. This indicates that in the case of large 

events, the significant secondary phases are extended 

in time and thus appear to arrive late with respect to 

the onset of the first arrival because they derive from 

44- 
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LARGE EVENT AVERAGE 
TIME SHIFT 1-2 MINUTES 
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590-630 
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TIME AFTER ARRIVAL (MINUTES) 
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Figure 5.  Comparison of time-shifted large-event and 
small-event codas, 59-63° distance. 
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Comparison of time-shifted large-event and 
small-event codas,   63-67°  distance. 
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Figure  7.     Comparison of time-shifted  large-event  and 
small-event codas,  67-72°  distance. 
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events which may occur i or 2 minutes following the 

initial event in the sequence.  Note that we cannot 

resolve the rupture period any better than ±1 minute 

due to the manner in which we have quantified the 

coda.  Estimates for the time shift associated with 

each of the coda sets shown in Appendix I are given 

in Table X„  These estimates for the period of 

source activity, 1 or 2 minutes, are roughly the 

same as that found by Wyss and Brune (1967) for the 

Alaskan earthquake of 28 March 1964 (events indicated 

at 9, 19, 28, 29, 44, and 72 seconds after the 

initial origin time), and by Trifunac and Brune (1970) 

for the Imperial Valley, California earthquake of 

1940 (4 events in the first 25 seconds, followed by 

9 events in the next five minutes).  The results 

presented here suggest that multiple events are a 

more common phenomenon than has perhaps been generally 

suspected, and that many, if not all, "large" events 

(high M values) are multiple events.  If true, this 

would have considerable impac on extensions of earth- 

quake source-mechanism theory to large magnitudes. 
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I 
TABLE X 

Time Shifts for Large-Event Coda 

DISTANCE 
INTERVAL 
(Degrees) 

ESTIMATED 
TIME SHIFT 
(Minutes) 

42-53 -1 
53-56 -1 
56-59 

59-63 -2 
63-67 -1 
67-72 -2 
72-79 -2 
79-84 -2 
84-98 -1 
98-103 ~-l 
110-115 

118-127 -2 
127-136 

136-140 

140-145 

145-155 •2 
155-166 -1 
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Coda Consistancy - 42° to 103° Distance 

Let us now examine the reliability of the dis- 

tinction between large-event and small-event coda 

characteristics.  That is, although we have establish- 

ed that in a statistical sense large-event codas 

differ from those of small events, one may ask if all 

stations within a network will observe the same coda 

characteristics for a given event.  Further, we are 

also interested in knowing whether an emergent coda 

necessarily implies displacement of the entire coda 

by one or two minutes in time.  It might be thought, 

for example, that pP seen at a few stations for a 

small event could generate an emergent coda accord- 

ing to our definition, but that the coda as a whole 

would still have the characteristic small-event shape. 

Let us first examine the consistancy of the 

large-event codas.  Those few large-event codas which 

peak in the first 5 seconds (see Table XI for coda 

determinations) are candidates for an overall coda- 

shape characteristic of small events. As seen in 

Table XII, however, of the 10 out of 37 large events 

for which one or more codas peaked in the first 5 

seconds, only two events had 501 or more of their 

recordings exhibit overall small-event coda character- 

istics.  Thus, it would appear that m. or M > 7.0 

is a good critericn for selecting events with large- 

event coda characteristics, and that for such events, 

most individual stations will exhibit these character- 

istics.  If large events are multiple events, this 

51- 
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I is not surprising. The occasional reading which has 

a maximum in the first 5 seconds might be explained by 

a node in the radiation pattern of the first few 

seconds of an aftershock. 

Turning now to the consistancy of the small- 

event (mb £ 5.8) codas, let us particularly examine 

the subset of these events which has a maximum be- 

tween 5 and 30 seconds into the record (see Table XIII 

for coda determinations).  There are 43 such events 

out of a total of 118, but Table XIV shows that all 

but 9 of these can be traced to pP or PcP phases. 

Of the 24 event-station records available from these 

9 events, 16 have the characteristic large-event coda 

shape, suggesting that they are indeed small, multiple 

events.  On the other hand, the records from the 23 pP 

events show that, in general, their overall character 

is that of small-events. Thus even if an event has B 
mb 1 5•8» it is Possible for it to be a multiple event, 

with a characteristic multiple-event coda shape. Table 

XV summarizes the causes for small-events to exhibit 

large-event coda characteristics. 

It might be noted that a fairly sophisticated 

seismic analysis would be required to select out these 

few small events on the basis of the shape of the first 

few seconds of recordings at one or two stations. Not 

only might the initial shape be due to pP but also, 

several of the small multiple events show individual 

recordings which peak in the first 5 seconds, again 

due possibly to the effect ol radiation patterns on 

the aftershocks. 
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I III 

IABI.L xm 
Smal l-Kvc-nt  Coda  Determinations 

t>M  Seconds 

KILATIVE   CODA  MEASUREMI.NTS 
(PERCHNTJ 

DISTANCE 0-5 5-10 10-20 20-30 
DATb ARLA                          ST AT I ON 

CHG 

INTERVAL 

42.53* 

SECONDS 

100« 

SECONDS 

74 

SECONDS 

6 0 

SECONDS 

12 .)an b4 I ran-Turkey 47 

19 Aug ft4 Iran-Turkey SEO 42-53° 40 100« 98 67 
SEO 59-63° 85 100» 77 3 5 

19 Aug 64 Iran-Turkey CHG 59-63° 87 100« 55 27 
20 Aug 64 Iran-Turkey SEO 42-53° 98 86 100« IS 

BOZ 59-63° 75 100« 70 27 
02 Feb 6S Tadzhik-Hindu  Kush DAI. 84-98° 100« 75 65 Tl 
05 Apr 6S Turkey-Greece SEO 84-98° 85 50 j 8 5 ' Apr 65 Alaska sto 42-53» 100« 50 50 
27 Apr 65 Turkey-Greece MAT 72-79° 100« 90 M 4 5 
0 4 Aug 65 Solomons-New Hebrides MAT 56-59° 100» 40 32 20 
11 Aug 65 Alaska MT 42-53° 72 100« 75 56 
U Aug 65 Solomons-New  Hebrides MAV 56-59° tl 100« 65 II 
14 Aug 65 Solomons-New Hebiides MAT 56-59° 52 100« 75 K0 
17 Aug 65 Sumatra-Java MAT 42-53° 40 ss 100« 90 

SHI 52-53° 70 100« 14 4 9 
17 Aug 65 Solomons-New Hebrides MAT 42-53° 100« 90 7S 65 
;i Aug 65 Sumatra-Java SHI 59-63° 100« 611 72 60 
0 2 Sep 6 5 Aleutian   Islands CHG 63-67° 100« 2ft 45 49 
14 Sep 65 Philippines-Taiwan CMC 84-98° 90 85 6S 100« 
19 Sep 65 Tonga   Is.-Fiji   Is. MAT 72-79° 68 100« 75 65 
08 net 65 Sumatra-Java SHI 59-63° ion« 80 95 70 
19 oct 65 Aleutian   Islands CHG 63-67° 100« 7 9 43 SO tl Oct 65 Aleutian   Islands CHG 72-79° 100« 35 SO 3S 
0 2 Nov 65 Sumatra-Java MAT 53-56° 100« 60 4 5 40 
22 Nov 65 Aleutian   Islands CHG 67-72° 100« 15 30 20 
2 5 Nov 65 Aleutian   Islands CHG 67-72° 100« 50 75 8 0 
OK Jan 66 Japan CMC 59-63° luo« 60 20 20 

BOZ 72-79° 100« 62 33 25 
1ft Ian 66 Kamchatka-Kuriles CHG 59-63° 66 100« 62 35 

SHI 72-79° 100« 45 45 40 
22 Jan 66 Alaska WES 42-53° 55 50 100« 45 

SEO 53-56° 53 100« 82 30 
KON 59-63° 80 75 100« 70 
UAV 72-79° 50 100« 60 99 
CHG 79-84° 100« 54 70 74 
NDI 84-98° 60 40 100« 35 
SMI 84-98° 80 100« 80 90 

24 Jan 66 Tadzhik-Hindu  Kush KON 42-53° 100« 70 hO 60 
SEO 42-53° 100« 3 5 45 30 
DAV 56-59° 100« 70 75 50 
MAL 59-63° 100« 90 90 95 
CMC 79-84° 100« ft8 84 65 

28 Jan 66 Tadzhik-Hindu  Kush MAI 42-53° 100* 80 60 65 
CMC 72-79° 100« 7 5 35 38 

28 Jan 66 Kamchatka-Kurilos SHI 72-79° 100« 51 52 52 
29 Ian 66 Kamchatka-Kuriles CHG 42-53° 68 3 5 100« 40 
SI lan 66 China-Nepal-Burma CMC 79-84° 100« 60 60 30 
0 2 Feb 66 Tadzhik-Hindu  Kush MAT 42-53° 100« 40 SS SO 
OS Feb 66 Turkey-Greece NDI 42-53° 64 100« ( 5 SO 

WES 63-67° 100« 60 45 '0 
CMC 67-72° so 100« 57 4 3 
BOZ 84-98° 100« 56 45 47 
DAI. 84-98° 80 100« 31 30 

OS Feb 66 Kamchatka-Kuriles BOZ 56-59° 100« 28 24 12 
NDI 59-63° 100« 25 36 24 
KON 63-67° 100« 40 3 5 42 
DAL 72-79° 100« 95 45 85 
1ST 72-79° 100« 44 40 3 3 
WES 79-84° 100« 56 20 15 
MAL '4-98° 100« 50 SO 40 

10 Feb 66 Kamchatka-Kuriles CHG -.2-53° 100« 21 19 10 
13 Feb 66 China-Nepal-Barma SHI 42-53° 80 85 100« 60 

1ST 59-63° 100« 65 35 37 
A DE 67-72° 100* 50 44 21 
CMC 79-84° 100« 6 4 48 31 

18 Feb (.6 Japan CHG 42-53° 100« 48 43 23 
28 Feb 66 Japan CMC 53-56° 100« 23 19 16 

BOZ 67-72° 100« 3 7 61 26 
1ST 72-79° 100« 4 5 50 45 
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lABl.l XIII (Cont d.) 

Smal I-lvent Coda Determinations 

0-30 Seconds 

RELATIVE CODA Ml.ASIIkl.MI.NTS 
(PERCENT] 

DISTANCt 0-5 S-10 10-20 20-30 
DAI 1 AKLA STATION 

CMC 

INTI.RVAl, 

79-84° 

SECONDS 

ion» 

SECONDS 

9S 

SECONDS 

55 

SI CONDS 
m.   Mar 6h ('hina-Nepa 1-Hurma 25 
07  Mar bh 1 ran-Turkey CMC 72-79° 45 75 100* 8IJ 

BOZ 84-98° 100* 7J Ml 50 
19   Mar db Kamchatka-Kuriles cm; 42-S30 50 47 'II 1 0 0 * 
Z0   Mar M Tonga   Is.-liji   Is. CMC 84-98° 100« 35 311 1 5 
Jl   Mar M Tadzhik-llindu   Kush CMC 72-79° 100« 17 Jl ) 4 

BUZ 98-103° 50* ,35 25 2 0 
09  Apr M Central  America HO: 42-S30 41) 100* 5S 4 5 

CMC S9-b3° 55 100* 38 12 
KON 79-84° 100* N 100 1,0 

11   Apr M Central   America CMC 42-5.3° 100* 27 77 4 2 
ko\ 84-98° 101)* 47 JS 2(1 

lb  Apr M Alaska DAI, 42-S3° 70 100* 70 HI) 
Whs 42-S3° S5 SI) 100* 60 
KON 59-b3° 100* m 88 70 
1ST 79-84° 100* 50 71) 411 
CHG 79-84° 100* 4 0 (.8 II 
sin 84-98° loo* 65 'IS 80 

M  Apr M I ran-Turkey ShO S9-b3° 70 100* 63 90 
102 84-98° SO -8 100* 8(1 

09   May hb Turkey-Greece NDI 42-5,3° 65 4(, 100* 55 
CMC 72-79° SO 30 75 100* 
si:o 72-79° 'JO 100* 88 45 
Wl.S 72-79° H0 100* '.10 70 

11   May M Kamchatka-kuriles SHI 72-79° 17 100* 93 M 
I SI 79-84° 65 so 100* 75 

IS   May bb Aleutian   Islands cue ()7-72° 10(1* S4 S4 52 
04    Inn bb Tadzh.k-Hindu  Kush KON 42-5.3° 100* }3 20 lb 

HO: 98-10.3° 100* so 4S 3H 
10    lun M China-Nepal-Hurma CMC 63-b7° 100* 1,0 40 30 
:i    lun M Kamchatka-Kuriles CMC 42-53° 25 25 100* 4 0 

KON 67-72° 100* 70 95 II 
VES 72-79° 100* 30 II SO 

27    lun bb China-Ncpal-Burma KON 5.3-56° 100* 90 82 8(1 
ADI; 84-98° 30 (.0 100* 45 

1U    hit M Tonga   Is.-liji   1 ■,, M1" 56-59° 100* 47 3C 27 
84-98° 100* 50 95 55 

01   AUK bb Tadzhik-llindu  Kush KON 42-5.3° 70 100* 95 3S 
SEÜ 42-5.3° 50 100* 45 40 
MAT 5(1-59° bO 90 100* 90 
MAI. 59-b.3° 8b 100* 8 3 M 

01   Aug bb Tadzhik-llindu Kush NES 98-10.3° 100* 80 90 70 
10   Aug b(, Tonga   Is.-liji   Is. ADI; 42-5,3° 100* 88 85 50 

MUN 59-63° 100* 47 30 27 
si:o 79-84° 100* 55 45 40 
BOZ 84-98° 5.3 45 22 100* cur 84-98° 100* 34 16 22 

10   Aug bb ladzhik-llindu  Kush BOZ 84-98° 100* 70 55 II 
IS   Aug bb Alaska CHG 84-98° 97 1C0* SO 4 0 
16   Aug bb Tadzhik-llindu  Kush MAI, 56-59° 100* 40 ss 4 0 
20   Aug bb Japan CMC 5,3-56° 100* 14 32 22 

BOZ 67-72° 100* :■) 47 23 
20   Aug M Turkey-Crcece CMC. 67-72° 100* 52 S9 31 

BOZ 79-84° 100* 30 25 31 
28   Aug bb Tonga   l5.-l;iji   Is. MIIN 42-53° 100* 27 27 20 

CMC 84-98° loo* 38 4 3 32 
S1.0 84-98° 100* 20 27 12 

0 7   Oct bb Alaska MAT 42-5,3° 100* SO 3 5 30 
SE0 5,3-56° 100* 50 SO 50 
1ST 72-79° 100* 40 50 bl) 
CMC 79-84° 100* 1] 43 35 
NDI 79-84° 100* 1] 47 3 3 
SHI 84-98° 95 50 100* tt> 

29   Del M lurkey-drccce NDI 42-53° 100* 73 25 23 ns 1,7-72° 77 80 100* 6 2 
BOZ 84-98° 100* 5 8 60 II 
DAI. 84-98° 100* 57 40 27 12  Nov (,b lapan NDI 53-56° 100* 4 3 45 2h 
BOZ 67-72° 30 30 100* 44 
KON 67-72° 100* II 70 ";5 
SHI 72-79° 100* 73 71 ss 
wi;s 84-T8° 100* 80 100 9S 

59- 

■-- 



lABl.l    XIII    (OintM.i 

^mal 1-l.vcnt   I oda   Ucternunat ions 

D-id  scionds 

RI.I.ATIVl.  COM  MI.ASIIRI.MI.MS 
(PCRCeMT) 

DISTANCE 0-5 5-10 in-2n 20- 10 UAI 1, AHI.A                          SIAIION INTI.kVAl, SI.(ONUS SECONDS 

2 7 

SECONDS 

4n 

SECONDS 

21 
117   lit-!.   M Kamchatka-kuriles I.MC 42-5 V 100* 

NDl 59-6 3° 100« 12 IS 18 
RUN 67-72° 60 70 4:, 100* 
SHI 72-79" 75 11 59 inn* 
WES 84-98° 100" 30 60 28 II    l.in   ()7 1 ran-lurkfy Sl.l) 6.1-67° 100« 79 11 4(1 
CMC 72-79° 100« 61. II 42 
KI.S 84-98° lOO« SO SI 11 

2ü    Ian   67 1 adjliik-llinclu  kush MAI- 42-51° 100* 2< S9 2 2 
(i 1 

07   l-cb   67 Alaska MAI 42-5.1° ino* 15 7| 
09   leb   67 1 urkey-lirciv c NDl 42-51° 100* 70 95 '15 

CMC 67-72° 100* 55 so 25 cm; 67-72° 100« 50 41) 411 
JO   lull   (i? 1 aJ:h ik-ll inJu  ku  h KON 42-51° 100* 70 4r. 411 

MAI 42-51° 100* 75 67 18 
SI.O 42-5.1° 55* 35 IS 1(1 
DAV 5.1-56° 100* M 50 5(1 
CMC 72-79° ico* 10 12 30 

4 I 
1)4   Mar   0 7 lunga   Is.-liji    ||, MAI 67-72° 100* 17 58 

CMC 84-98° 100* 2S 1(1 1 5 
"I   May   h" lurki-y-llreccc NDl 42-5.1" 13 94 100* 27 

NES 63-67° 30 100* 61 29 
CMC 67-72° 35 100* 70 30 SE0 72-79° IS SO 100* 4 ll 
M\T 79-84° 30 100* 95 4 1 
BO: 84-98° 2 Ü 100« 11 48 27   May   6 7 radzhik-llindu  Rush BO: 98-10.1° ■11) 90« 4 5 55 

75 
21    lun   6 7 Alaska MAT 42-51° 50 ion« II 
J(>    lul   0^ 1ran-iurkey cue 5.1-56° 100* 6S 54 87 

M   lul   ii- 
M\l ■'2-79° 10(1* 100 58 51) 

lurkey-drcece cm; 59-6.1° 100* 92 78 35 
CMC 67-72° 70 inn« 25 .'8 
S1.0 67-72° 100* 40 60 4(1 
Wl.S 67-72° 100* 8 5 8(1 35 
MAT 79-84° 90 100« 7U 6(1 1 r>   Aliu   67 ill ma-Nepal-Burma AQII 59-6.1° 100* 90 48 50 
A 1)1 72-79° 1011* 9S 55 1 S J8   Sip   6^ Alaska MAI 42-5.1° 100* 27 12 f, [ 

DS   lk t    6? 
Central   America CMC 59-61° 100* ■111 (.1 •i^ 

Agu 84-98" 1(1 4n 30 50* 0 2  Dae  6 7 1urkey-Oreece Nil 79-84° 100* 70 4.i 35 
60 

10   Dec   6 7 lal i 1 .-'..Vstern  U.S. KON 72-79° 5 8 82 100* 
MAI, 84-98° IS 100« 71 II JH   Mar   6 8 1 urkey-llrcetc sto 72-79° 70 100« II 8(1 
MAT 84-98° 6 7 100* 75 6 8 

15    Inn   6 8 lapan KB1. 56-59° ion* 51 8 5 59 
80 

17    Inn   6 8 Solomuns-New  Hebrides KBI. 98-10.1° 100* 55 65 
27  .lun  68 Sumat ra-.lava KB1. 5.1-56° 56 ion* S( 4 4 
27    lun   68 sumat ra-.lava KBL 63-67° loo* 6 5 78 86 

.14 
02    lul   68 Solomons-New  llebi ides KBI. 72-79° 55* 47 37 
02  .lul   68 lapan KBI. 42-53° 100* 5.1 77 82 28  .lul   6 8 Kamchatka-kurlies KBI. 6.1-67° 75 inn« 75 70 28    lul   68 Kamchatka-kun les KBI. 63-67° 70 100« 77 17 

24 
78 
2) 

14   Aug   68 kamchatka-kun les KBI, 63-67° 100* 36 H 
18   Aug   68 Kamchatka-Kuriles KBI. 6.1-67° 96 ion* 7 6 
1)8   Sup   68 k'.imchat ka-Kur i les klil. 59-6.3° 100* 35 25 
20   Sop   68 Japan KBI. 5.1-56° 10(1* 70 5 2 58 
28   Scp   68 i'hi 1 ipp i iics-7 aiwan kBI. 42-51° ion* 71 50 II 

10 
16 

07,   Oct   6 8 Aleutlan   Is lands KBI, 72-79° 100* 17 
2.1  Oct   68 Sumat ra-.lava KBI. 56-59° ion* 7h 72 
29  Oct   68 Japan KBI. 59-63° 100* 70 7(? 58 

50 
27 

11 
6 0 

2 5 

60 
6 5 

07   Nov   68 Aleutian   Islands KBI. 79-84° 51 100* 4 j 
07   Nov   68 Kamchatka-Kuriles KBI. 59-6.1° 100* S2 .14 
11   Nov   6 8 Alaska KBI. 79-84° loo* 46 2b 
15   Nov   68 Alaska KBI. 79-84° 100* 75 11 
27   Nov   68 Alaska KBI. 79-84° 100* 52 6 5 
0 7   D*C   6 8 Aleutian   Islands KBI. 7 2-79° 100* 90 7^ 
07   Dec   68 Aleutlan   Is1ands KBI. 72-79° 65 100* 6 2 
19   lli-c   68 Kamchalka-kuriles KBI. 6.1-67° 100* II 5H 66 

39 
100* 

01    Ian  69 Aleutian   Islands KBI. 72-79° 96 100* 7 1 
05  Jan   69 I'hi 1 ippincs-Taiwan KBI. 59-63° 10 50 80 
19  .Ian  69 I'hi 1 ippines-ia iwan KBI. 63-67° loo* 28 20 18 

35 
20    Ian   69 Sulomons-New  Hebrides KBI. 98-10.1° 28 60* II 
21   Jan   69 I'hi 1 ippines-Taiwan KHI. 67-72° 100* 56 52 44 
10   Fcb   69 Kamchatka-kuriles KBI. 59-63° 100* 2 7 .12 25 

27 
4 0 

10   Mar   69 Solomons-New  Hebrides KBI. 79-84° 100* :.() 4(1 
20  Mar   69 I'hi 1 ippines-Taiwan KBI. 56-59° ion* (.1 55 
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lABI.h XIV 

Small Lwcnts with Ma«imum Kclative 

Amplitude Hctwccn S and 30 Sftonds« 

I 

DA 11, LOCATION . !k_ 
II  AUK b'MU'J ;33| Iran-Turkcy 5.6 
11   Au«  b4( lb :20) I ran-1urkcy 5.6 
JO   AUK  0) 1 ran-Turkey 5.5 
OS   Apr  6 5 lurkey-drecce 5.7 
11   Aug  65 Alaska 5.5 
13  AUK  H Solomon   Is. 5.7 
14   Aug   b5 Solomon   Is, 5.5 
17   Aug  b5(lU :35) Sumat ra-,lava 5.3 
lb    Ian   M kamthatka-kun Its 5.6 
JJ    Ian  bb '. 1 a s k a t.l 
It   Ian   bb kamchatka-kur1les 5.1 
or.   leb  bb 1urkiy-Creece 5.8 
1 1   l-i'b   bb China-Kurma 5.7 
0 7   Mar   bb Iran-Turkcy 5.6 
19  Mar  bb Kamchat k a-Run les 5.6 
D|  Apr   bb Central   Amenta 5.7 
lb   Apr  bb Alaska 5.2 
.'0   Apr   bb Iran-Turkey 5.5 
U'.i   May   (.(, I urkey-fireece 5.5 
11   May  bb Kamthatka-Kun les 5.8 
Jl   Jun   bb kamt hat ka-kuriles 5.8 
Zl   lun  bbllO 40| ("h ina-Hurma 5.8 
»1   Aug  bbi 19 09; ladihik-llindu  Kush 5.8 

11)   Aug   bbfOS Ml longa   I-, .-liji   is. 5.8 
07   ()>.t   bb Alaska 5.7 
It   lift   bb 1urkey-drccce 5.7 
12   Nov   bb ■ lapan 5.8 
0 7   lie   bb Kamthatka-KuriIcs 5.8 
01   May  (.7 lurkey-Crecce 5.6 

If   May   (.7 iadzhik-llindu  Kush 5.4 
21    lun   b7 Alaska 5.4 
ID   lul   h7 lurkey-Creete 5.6 
Bl Del   b7 ('ent ra I   Amenta 5.8 
111   Dct   b7 Call f .-iVest.  U.S. 5.8 
1]   Nov  bb Japan 5.8 
21  Mar  68 Turkey-Crccte 5.4 
27  Jun  b8'22: 111) Sutiat ra-Java 5.3 
21   lul   b8(21: HI Kamthatka-Kuriles 5.4 
2«   lul   b8(21 : 23J Kamthatka-Kun les 5.1 
07  Nov  68 Aleutians S.l 
07   lice   68(1S: 46) Aleutians 5.0 
01   .Ian   M Aleutlans 5.4 
(15   Ian   b9 I'hi 1 ippines 5.3 
It   Ian  M Solomon   Is. 5.6 

•(inly   Interva ii. ^0   Setonds  Consi2. ieO 
Fo t A1 • 1 

„ iL.     NO.   OBSbHVAl IONS 
Hl)b     Kill CM   1'l.AK 

BhTWfctiN   5-30   SLC 
NO.   POSSIBU 
OBSLRVAT10NS 

2 
1 
2 
l 
1 
I 
1 
2 
2 

I 
5 
4 
2 
1 
J 
6 
2 
4 

2 
3 
2 
4 

CAIISl. ol 
C.ROWIH 

pi' 

pl' 
Pi- 
re 
PP 
Multiple 

Pl' 
pP 
PcP 
Multipie 
pP 
Multiple 
Multiple 
Mu11 i p1e 
PcP 
Multiple 
pP 
pP 

pP 
pP or  PtI' 
PcP 
PcP 
PcP 

Pl' 

pP 
pP 
pP 
Multiple 
PcP 
PtP 
PtP 
Multiple 
pP 
pP 
pP or  PcP 
pP or  PcP 
pP  or  PcP 
Multiple 
pP 

SIAIIONS Al WHICH 
OBSI.KVAI IONS PI.AK 
HhlWI.hN   5   and   311  SIX. 

OHiiS) .Sl.nf.j 
SI.OISj 
cii(:(sj .si.nfsj 
I)AI.(S) 
MAI(Sj 
MA1II.J 
MAI (1.) 
MAI(I.),sllin I 
CHCfl.J 
HAVfl J .KOMSj .NDUSj , 
SI.O(SJ ,SIII (L).l(bN(Lj 
CHC(S) 
CMCfSJ .DAI.IS; ,MJI(SJ 
SMI.'Sj 
CMC(I.J 
CIKiC 
BOZd.J .CMCfSj 
HALd.J ,M.S(S) 
BOZd.j ,SL()(SJ 
CMCfLj ,Mil (I,J,SI.(HI.) 
I.ST(L) .SIIKSJ 
CMCd.j 
Al)h(Sj 
KON(SJ ,MAI,(Sj .MAKI). 
si;o(S) 
BOZ(S) 
SMKSJ 
M.S(L) 
H(JZ(.S) 
KON(SJ,.SIII(S) 
SOll«] .CMCfS) .MAKS), 
.'   rtsj .bcois) ,KI.S(S) 
..OZ(l.J 
MAT(1.) 
CMCfS) ,MAI(I.l 
AQ1I(I.) 
KON(l.) .MAI.fSJ 
IiOZ(SJ 
SEO(S) ,MAIfl.j 
KBI.(I.) 
KBL(I.J 
KBLd.) 
KBL(1.) 
KBI.(LJ 
KBI.(S) 
KBI.d.J 
kBl.d-) 

Number   ul   I.vents:   43 
Number   of  i;vcnt-St at ion  Pairs: 71 

fS^kl  ff.f!!*?•.'t! ''hlch   Mn or morp  of   »*•   ohscrvat in  the   interval   5-30   seconds: 35 ons   peak 
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Another way of looking ut  the consistancy of the 

coda for small and large events is given in Tables XVI 

aud  XVII.  In Table XVI we see that if at least 50f, 

of the stations recording a large event show an in- 

crease between 5 seconds and 30 seconds, then the 

expected percentage to show an increase is 88%. 

Further, Table XVII shows that if 50% of the stations 

recording a small event show a decrease, then 851 

will show a decrease. 

Another topic of interest is analyzed in Table 

XVIII, which shows that the large-event m, values are 

probably underestimated by about 0.3 m, units. 

Evernden (1970) has pointed out that the disagreement 

between regional seismicity curves plo.-.ted as function 

of Ms and mb can be explained, at least in part, by 

the observation that large events are multiple events. 

That is, because large-event body wave magnitudes are 

underestimated by the conventional m. computational 

procedure, so too must be the number of large-events. 

Thus, seismicity curves derived from short-period 

magnitude data probably dip too steeply at the higher 

magnitudes (n^ > 5.8).  It also follows that such charts 

should show an overabundance of events at moderate 

magnitudes. 
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Average Coda Determinations 

Because the relative coda level at a given time 

after arrival onset is a function of magnitude, the 

large-event and small-event coda populations should 

not be combined to produce a single comprehensive set 

of average coda determinations.  Rather, two sets of 

coda determinations will be given, one each for what 

have been defined as "large" and "small events". 

For "small" events, the average P and PKP coda, 

(solid line) together with their corresponding standard 

deviations of the individual coda observations (dashed 

lines) are shown in Appendix II.  Note that only the 

data for 0-10° distance includes the surface-wave coda 

envelope.  These dat^ are included here because surface 

waves at these distances may be of such character as to 

m?sk short-period arrivals which might be present 

in the surface-wave arrival. 

The average P and PKP coda and corresponding 

standard deviations of the individual coda observations 

for large events are shown in Appendix III. 
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Coda Prediction - Preliminary Method 

Up to now we have defined a small event as one 

having an mb _< 5.8, and a large event as one having 

an mb or Ms > 7.0.  Obviously, many intermediate 

events satisfy neither of these criteria.  Let us 

therefore examine possible coda-classification 

criteria for intermediate events bared on the concept 

of coda growth.  Again, Tables XI md  Xill show the 

large-event and small-event coda determinations, 

respectively, for the first 30 seconds of the P-wave 

arrivals (42 to 103° distance).  We first examine 

the requirement that for an intermediate-sized event 

to be classified as a "large" event, relative coda 

amplitudes must grow by at least 0o3 m, units between 

5 and 30 seconds after the P-wave arrival as compared 

to the amplitude measured in the first 5 seconds. As 

seen from Table XIX, 16 large events (i.e. 43%) from 

our population of 37 have 50% or more observations for 

a given event which fail to satisfy the 0.3 m. 
b 

classification criterion.  This would suggest that 

application of this criterion would successfully 

select only 561 of the intermediate events of "large" 

coda type. 

To further evaluate event classification, an 

analysis of the small-event codas using the 0.3 m, 

classification criterion is given in Table XX.  We 

see that the codas for 10 events out of 118 have 50% 

or more observations which satisfy the 0.3 m. 

criterion; that is, using this criterion, 8% of our 
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DAI I. 

19 Au^; 04 ( 

17 Aug ts 

-'- 'ill dli 

OS Heb H 

07 Mar fab 

It 'IJT im 

09 Apr bh 

.'11 Arr fab 

09 May li(> 

Jl Inn bb 
> T 

IUM (id ( 

01 Aug (> fa 
1J Ko« fa(. 
01 M.iy b7 

if Mi y fa7 

.'1 hin fa7 

ii:. l.in fa<J 

20 l.m fay 

FOTALS: 

TABU.   XX 

Small   IVMtt   that   Satisfy   the  0.3  m.   Classification  Crittrion 

LOCATION 

09>3SJ   I ran-Tnrki-y 

Sumat ra-.lava 

Alaska 

Turkiy-Creece 

1 ran-Turkey 

Kamuhatka-kun les 

Central   America 

1 ran-lurkey 

1urkey-Cieece 

kann hat ka- knr i les 

i 1 : (U I   Ch in,i-Burma 

TaU:h i k-lli nuu  kush 

lapan 

Iurkey-Creece 

1 ad:h i k-llindu   Kush 

Alaska 

I'h i 1 ippines 

Snlomun   Is, 

Number   ot   Tvents:     IN 

Number  of   l;vent-Station  I'airs:   22 

MOS 

NO.   Ob^LKVATIONS 
WHICH   SATISFY NUMBLK   OF 

POSSIBLÜ 

STATIONS   Al   WHICH 
OBSERVATIONS 5ATISI V 

\ U.3  mb   CRlThKION OBSERVATION!! 0.3   mh   CKIIIRION 

S.b CIICISj 

S.J MAI (1.) 

S.8 DAVd.) 

5.8 CMCfSj 

5.5 (.MCII.) 

S.b CHCIS) 

5.7 1102(1.) 

5.S 1102(1.1 

5.5 CMCM.) 

i.t CMC! I.J 

5.8 Alll.l ■>) 

5.« Sl.OfSj 

5.8 H02(Sj 

5.b BüZ(S;,CMC(Sj.MATfSj, 
Si;()(Sj .Wl.SfSj 

5.4 iio2 n.j 

5.4 MAI (I.J 

5.3 KHI.fl.) 

5.b Klil.d J 

Number  of  l.vents   for  Which   50»,   or  More   of   the  Observations 
lor   a   Civen   I vent   Satisfy   the   0.3   mb   Criterion:      10 
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original set of small events would seem to be more 

like large events.  Most of these events are the "true" 

multiple events discussed earlier. Thus for smal] 

events, the misclassification rate of the 0.3 nu 
b 

increase approach is very small. 

If the decision threshold is lowered to 0.2-m. 

unit's growth, .ve now find that 12 instead of 16 

large events have 5(n or more of the observations for 

a given station which fail to satisfy this classifica- 

tion criterion (Table XXI); the 12 events represent 

32%  of the large-event population (42 to 103° distance). 

In a similar analysis using the small-event codas 

(Table XXII) 18 events, or 151 of the population are 

improperly classified using a 0.2 mb criterion«  A 

few of these events grow due to pP phases, and they 

are expected to have small-event codas.  The mis- 

classification rats is then only about m. 

The preliminary analysis given above, then, tends 

to suggest that large-event codas characterize an event 

which has a standard NOS magnitude 5.8 < mh< 7.0 and 

which has emergent teleseismic P-wave arrivals that 

display an increase of 0.2 mb units (or greater) 5 to 

30 seconds into the arrival as measured relative to 

the amplitude in the first 5 seconds of this phase at 

501 or more of the stations recordings. 
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TABU,   XXI 

Large  Ivcnts   lor  Which  One  ur  More  Observations 

•ail   to   Satisfy   the   B.J   mb   Classification  Criterion 

IIAll. 

Ill 

U8 
Jli 
:H 

31 
24 

in 
iij 
I I 

Jan 
I.in 
1,111 
leb 
May 
May 
inn 
lul 

Aug 
He: 
Dec 

Sep 

71) 
70 
7U 
70 
7(1 
70 
70 
70 
70 
70 
"0 
71 
71 

I.OCAI ION 

Is. 
•.-I ij i 

Is. 

China 
Ke rmadec 
Tonga  is 
Aleut ian 
Hun I n    Is 
Peru 
Queen ch 
Japan 
Sea   ol   nkhut .k 
Solomon 
Peru 
Japan 
New   Hrit 

Is. 

irlotte   Is 

1: 

NUMBl.K  OF  OBShRVAllONS 
NOS  Wlll(:ll   IAH-   TO  MtLT 

0.2 mb CKITCHION 

a. 9 
ii. 1 
(i. S 
6.1 
6.2 
d.o 
S. ii 
i..l 
O.d 
S.I 
6.6 
6.6 
6.1 

1 
1 
I 
1 
i 

I 
1 

1 
2 
! 
I 
1 

NIIMBLK  Of- 
I'OSSIBI.I: 
OBSI.KVATIONS 

e 
3 
3 
1 

3 
1 
S 
2 
3 
3 
2 
3 

"h 

STAIIONS AT WHICH 
OBSLRVAllONS I All. 
TO MILT B.I m, 
CKITI KION  

KDMI.j 
CIICII.J 
COI.C.J 
COI'fS) 
Tl(lfS) 
KONM.J 
SIHfl.J 
COL (I.) ,ll()fl.) 
TFO{S) 
'■Ol.ll,) .HOfl.J 
COI'd.J 
COl'fS) 
M'OfSj 

TOTALS: 

,\ umher 

Niimhc r 

'.umber 
lor 

ol   Lvents:      |J 

ol   I,vents-Station  Pairs: IS 

ol Lvents for Which 50i or More of the Observations 
Civen l.vent fail to Satisfy the 0.2 „,,, Classification 

i n terion   l I IK lud es   lvents   from Table   XIV) 12 
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Coda Prediction - Example for an Intormediate Event 

To demonstrate the feasibility of predicting earth- 

quake codas using the average coda observations deter- 

mined in this report, we consider a specific event: 

San Fernando Earthquake 

9 February 1971 

OT = 14:00:41.6 GMT 

Latitude:     34.400oN 

Longitude:     118.3950W 

Depth:     13  km 

This event had an mb (depth corrected) of 6,2, an M 

of 6.5, and a secondary mb at Berkeley of 6.5. The 

preliminary classification criterion for intermediate 

events introduced in the previous section (5.8 < m. 

< 7.0, and 0.2 mb growth at 50^ or more of the stations 

reporting) indicates that the small-event coda should 

be used for this event.  That is, the coda at only 6 

of the 37 stations at teleseismic distances (FCC, GEO, 

MBC, RES, KJN, and AQU;(see Figures 7 through 43 in 

Appendix IV) exhibit increases of 0.2 m. units or 
b 

more in the first 30 seconds. 

Coda observations for the San Fo-nando event as 

determined at 43 stations (Table XXIIij are shown in 

black in Appendix IV.  The appropriate predicted coda- 

decay curve at each station is shown by the blue line; 

the dashed blue lines define ± one standard deviatipn 

for the individual coda observations.  With tew 

exceptions, the coda observations for the San Fernando 

event lie within one standard deviation of the average 

coda determinations used for prediction. 
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lAhM,   XXI [1 

Statioa   Inlonnation   -   ;,a„   fnmt»,  Calilouua,   l.arthquakc 

'.>   lebiiiar)    1971 

■ i ' I [ON 

M I 
All: 
■VJU 
\RI 
Bill' 
Hl.( 
CAN 
(.111 
COL 
CO* 
CUM 
I.SK 
I AV 
IKC 

F( i 
IS) 
Cl-O 
I;IIA 
INK 
kl i 
KM' 
KIN 
KOA 
KTC 
l in 
I.ON 
MH(. 

NDK 
PNG 
PTG 
ken 
R1.S 
sen 
ShA 
SIM 
SOD 
STJ 
SIIU 
TAV 
I I'M 
VAL 
VIC 
VKC 

I.OI.AI ION 

Allicrni,   H.C.   i aiiada 
AliTt ,  N.K.   Territory  I anada 
Aquila,   Italy 
Artnuipa,   I'urii 
Hallxia  Heights,   I'anama 
Bak«r  l.akc.N.W.   Territory  Canadi 
(.aratas,   Venezuela 
ChitagoLoyola,   Illinois 
I ollege  OutMSt,   Alaska 
Corvallis,  Oregon 
luniana,   Venezuela 

skilalemiii r,   Scotland 
Iayetteville,   Arkansas 
I robisher   Bay.N.K.Tern t or v 
Canada 

It.Churthi11, Han. Canada 
If .St ..lames,B.C. Canada 
1'iorgctown,   Washington,   II.(. 
lluam,   Mariana   Islands 
Inuvik.N.V,   Territory  Canada 
Kevo,   linland 
I i papa,   llawai i 
Kajaani, Finland 
Kobuan, Solomon Islands 
Kap Tobin, Creenland 
l.ake Head Univ. .Ontario, Canada 
1 r-ngmir'i, Washington 
Mould Hay, N.W. Territory 
Canada 

Nurmijarvi, linland 
I'ort Moresby, New Cuinea 
I'orto, Portugal 
Kapid City, South Uakota 
Resolute, Canada 
Scheffcrvillc, Ont. lanada 
Seven Falls, Canada 
St. Louis, Missouri 
Sodankyla, linland 
St. Johns, Canada 
Sudbury, Ont. Canada 
Tavurvur, New Britain Is. 
Tepoztlan, Mexico 
Valentia, Ireland 
Victoria, B.C. Canada 
Yellow Knife, Canada 

I.AI IKIIU. 

49:16:14N 
«2:29:nON 
42:21:M.S 
lb:27:44S 
8:S7:S9N 

64:19:00N 
JO:.:50:24N 
41 :54:00N 
b4:S4:0nN 
44:.'5 5:09N 
in:27:54N 
SStl*:00N 
3h:07:17N 

03:44 
58:45 
54:26 
38:54 
IJ:32 
68: 17 
69:45 
21:25 
64:05 
6:1 J 

70:25 
48:25 
46:15 

76: 14 
60:30 
9:24 

'1:08 
»4:04 
74:41 
54:49; 
47:07: 
38:38: 
67:22; 
47:34: 
46:28: 
4:13; 

18:59: 
51:56: 
48:31: 
62:28: 

:00N 
:4 2N 
:00N 
:00N 
:18N 
: SON 
:19 I 
:24N 
:0 7N 
:27S 
:00N 
:00N 
:00N 

:30N 
:32K 
;33S 
:19N 
:30N 
:12N 
•.OON 
:24i; 
: ION 
; 16N 

18N 
00N 
52S 
00M 
22N 
ION 
42N 

I.UNCITIIIH. 

124:49;18W 
62:24;00W 
13:24:111; 
71:29:29W 
79;33;29W 
NltliftOH 
66;55;40K 
87:38;OOW 

147;47:3I)W 
123; 
64; 

3:I2;18W 
;11:26W 

:18;12W 
; 10; lOW 

'M; 

6H;28;0I)W 
94;05;12W 

124;15;O0W 
77:04;00W 

144;54;42r 
133:30;00W 
27;00;24F. 

158;00;54W 
27:42:431. 

155:37:081; 
21!i9:0AN 
89: 16:00W 

121:48:36W 

U9:21:30W 
24;J1;05F 

147;09;]4i; 
8:36:08W 

103;12:3OK 
94:54;00W 
66;47;00W 
70:49:35W 
90:14:10W 
26:37:45F 
52;44:00W 
80:58;00W 

152:13:13E 
99:03;42W 
10;14;39W 

123:24:55W 
n4;28;42W 

ELEVATION 
(Mi.ri.iis) 

2 5 
65 

720 
2452 

36 
16 

10 35 
183 
320 
123 

34 
24 2 

4S 
39 

772 
43 

230 
46 
10 
70 

250 
65 

6 
196 
854 

15 
102 
70 
88 

995 
15 

540 
232 
161 
181 

62 
267 

31 
150 

14 
197 
198 

78.1° 
90.2° 
60. 
25. 
13, 

4 2.0' 
10, 
H, 
80.8° 
15.3° 
42.0° 
40.9° 
37.7° 
23.0° 
75.0° 
49.8° 
30.7° 
91.9° 
23.0'' 
73.5" 
14.8" 
28.4" 
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CONCLUSIONS 

From an analysis of 418 small-event (m < 5.8) 

seismograms recorded at 17 world-wide stations, and 

of 148 large-event (mb, Ms or secondary m > 7.0) 

seismograms recorded at 8 world-wide stations and TFO, 

the following conclusions are drawn with respect to 

the coda-decay characteristics for these events: 

1. Coda shape is approximately a function of 

the arrival times and relative amplitudes of signifi- 

cant secondary arrivals for both large and small events. 

However, the greater the event magnitude, the higher 

is the relative amplitude level for elapsed times 

greater than about 20 seconds into the coda.  For the 

data examined, and at the 951 confidence level (one- 

sided t-test), the mean difference is 0.14 mu units 
b 

2. The explanation for the observed increase 

in coda level with magnitude appears to be that large 

events are, in fact, multiple events, with the 

nominal period of source activity for a given 

sequence being on the order of 1 or 2 minutes.  As 

such, the later events in a sequence retard the coda 

decay, and elevate the relative amplitude in the coda 

above that expected for a single event. 

3. The emergent character of the P-wave arrival 

for large events tends to yield an mb estimate which 

is roughly 0.3 mb units lower than what might be 

considered a more representative value.  Because 

large-event magnitudes are underestimated, so too 
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must the niaaber oi   large events which occur be under- 
estimated. 

4. Because of relative coda level at a given 

time after arrival onset is a function of magnitude, 

large-event and small-event codas can not be combined 

to produce a single comprehensive set of average coda 

predictions.  Rather, at least two sets of coda 

determinations are required (and given in this 

report), one each for what will be defined below as 

"large" and "small" events. 

5. The small-event codas adequately characterize 

events with an mb < 5.8.  The large-event codas 

adequately characterize events for which m. or M > 

7.Ü.  Preliminary results suggest that for intermediate 

events (5.8  ^ < 7.0), the large-event codas are 

reli.ble if the codas at 5(n or more of the stations 

recording display an increase of 0,2 mb units (or 

greater) 5 to 30 seconds into the P-wave arrival as 

measured relative to the amplitude in the first 5 

seconds of this phase.  As with small events, coda 

grewth due to pP is a major problem with intermediate 
events. 
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APPIiNDIX I 

Comparison of large-event and small-event coda 

averages; large-event coda average shown in black, 

lower table; small-event coda average shown in blue, 

top table; dashed and dashed lines with dots, respec- 

tively, indicate 95^ confidence level for the coda 

averages. 

1. 42-53° 

2. 53-56° 

3. 56-59° 

4. 59-63° 

5. 63-67° 

6. 67-72° 

7. 72-79° 

8. 79-84° 

9. 84-98° 

10. 98-103° 

11. 110-115° 

12. 118-127° 

13. 127-136° 

14. 136-140° 

15. 140-145° 

16. 145-155° 

17. 155-166° 
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APPENDIX II 

Small-event coda averages; dashed lines with dots 

indicate ±  one standard deviation of the individual 

coda observations. 

1. 0-5° 

2. 5-10° 

3. 10-14° 

4. 14-16° 
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APPENDIX III 

Large-event coda averages; dashed lines indicate 

± one standard deviation of the individual coda 

observat ions . 
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APPLNDIX IV 

Comparison of the San Fernando, California, 

earthquake codas (black) with the small-event coda 

averages (blue); ± one standard deviation of the 

individual coda observations about the average shown 

shot 1 lint ;s (blue) . 

1 . COR 11.0° 25. BMP, 43.6° 
2, LON 12.8° 26. STJ, 49.8° 
3. VIC 14.8° 27. ALE, 51.8° 
4. RCD 15.3° 28. CAR, 52.5° 
5, ALB 15.8° 29. CUM, 54.7° 
6. FAV 19.8° 30. KTG, 60.0° 
7. FSJ, 20.6° 31. ARE, 67.5° 
s. SLM, 2 3.0° 32. KEV, 73.0° 
9. TPM, 23.0° 33. VAL, 73.5° 
10. cm, 25.0° 34. ESK, 74.8° 
11. LHC, 25.9° 35. SOD, 75.0° 

12. YKC, 28.4° 36. KJN, 78.1° 
13. FCC, 29.4° 37. NUR, 80.6° 
14. SUD, 30.7° 38. PTO, 80.8° 
15. BLC, 33.1° 39. GUA, 87.8° 
16. GEO, 33.2° 40. KOA, 90.2° 
17. INK, 35.1° 41. AQU, 91.6° 
18. COL, )5.40 42. TAV, 91.9° 
19. KIP, 37.0° 43. PMG, 9C 3° 
20. SFA, 37.7° 

21. sen, 40.9° 

22. MBC, 42.0° 

23. RES, 42.0° 

24. FBC, 42.3° 
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